We present a theoretical model for the dynamics of an electron that gets trapped by means of decoherence in the central quantum dot (QD) of a semiconductor nanowire (NW) made of five QDs, between 100 K and 300 K. The electron's dynamics is described by a master equation with a Hamiltonian based on the tight-binding model, taking into account electron-LO phonon interaction (ELOPI). Based on this configuration, the probability to trap an electron with no decoherence is almost 58%. In contrast, the probability to trap an electron with decoherence is 83% at 100 K, 74% at 200 K and 67% at 300 K. Our model provides a novel method of trapping an electron efficienctly at room temperature, which could be used as an electrically driven single photon source (SPS) operating in the wavelength range of λ = 1.3 − 1.5 µm between 100 K and 300 K. , and many more. Other research groups are trying to fight decoherence through the knowledge of their spectral density, thinking this would be more operative [11] . A rather opposite approach to this stream of research is found in quantum biology, where scientists are trying to take advantage of the decoherence in the quantum dynamics of excitons in order to find explanations for the high efficiency in solar energy harvesting in photosynthetic systems [12, 13] . Recent explanations include environment-assisted energy transfer in quantum networks, such as noise-assisted transport [12, 14] and oscillation-enhanced transport [15, 16] .
Introduction. The interaction between a quantum system and its environment is inevitable, leading to decoherence [1] , which is one of the main obstacles in fields such as quantum information processing [2] , quantum optics, when measuring optical Schrödinger cat states [3] , condensed matter physics, when looking for mesoscopic interference phenomena in quantum transport of electrons [4, 5] , etc. Since many interesting quantum phenomena are based on coherence, many solutions are proposed, and are currently in use, to suppress or overcome decoherence [6] , such as quantum error-correction codes [7] , error-avoiding codes [7] , echo techniques [8, 9] , quantum feedback operations [3] , optimal control technique [10] , and many more. Other research groups are trying to fight decoherence through the knowledge of their spectral density, thinking this would be more operative [11] . A rather opposite approach to this stream of research is found in quantum biology, where scientists are trying to take advantage of the decoherence in the quantum dynamics of excitons in order to find explanations for the high efficiency in solar energy harvesting in photosynthetic systems [12, 13] . Recent explanations include environment-assisted energy transfer in quantum networks, such as noise-assisted transport [12, 14] and oscillation-enhanced transport [15, 16] .
The idea of an electrically driven SPS, based on Coulomb blockade, was first proposed by Yamamoto's group in 1994 [17] . Since then, many groups have managed to construct such sources [18] [19] [20] [21] , nevertheless, cryogenic temperatures are essential for the performance of such sources. Such sources, λ = 1.3 − 1.5 µm, cannot operate above T = 70 K. In this letter, we propose a novel physical method that takes advantage of decoherence and results in an enhanced electron trapping probability in the central QD at room temperature. This physical phenomenon can be used as a prototype to build in the future an electrically driven SPS operating at room temperature. 
Structure and mechanism.
We consider the transport of a single electron in a NW with 37 nm in diameter and ∼ 1.2 µm in length (see Fig. 1 ). The NW is divided into three regions. The first (third) region, 0.1 (1) µm in length, is made of GaAs 0.71 Sb 0.29 and is n(p)-doped with a concentration of 6.0×10 14 cm −3 . As for the second region, which is embedded between the n-doped and pdoped regions, it is made of five InAs QDs with different heights. However, this is not a typical p-i-n junction because QD #5 is n-doped with 7.5×10 17 cm −3 . All doped regions as well as QD #5 are not degenerate semiconductors. Barrier #1 and #6 are made of In 0.12 Ga 0.88 As, while all the others are made of GaAs. A monolayer of PMMA, which has radius of 13 nm, is coating the region starting from the interface between QD #2 and barrier #3 to the interface of barrier #4 and QD #4. The outer layer, till the surface of the NW, is made of In 0.4 Ga 0.6 As.
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As a result of this concentric configuration, the central QD acts like an electron pocket that traps the electron. The semiconductor interface between the n(p)-doped region and barrier #1 (#6) is recognized as the staggered gap (type II). As for the rest of the interfaces, mainly GaAs/InAs, they belong to the straddling gap (type I). In this work, we use the commonly accepted 60:40 rule for the interfaces. Based on all chosen materials and types of interfaces, the conduction band (CB) profile is shown in Fig. 2 . All semiconductor materials have the same crystal structure and direct band gap. The NW is attached to a voltage source in a closed circuit. At the same time, the NW is coupled to a single-electron source (SES) [22, 23] . When the voltage source is off and the configuration is at thermal equilibrium with its environment, the QDs' energy levels are above the chemical potential of the whole configuration. In order to neutralize the built-in voltage and the resulting electric field inside the NW, first, the voltage source is turned on. The voltage is set when the built-in voltage and electric field are neutralized. Only at that point, the electrochemical potential of the QDs fall in the bias windows. Only then the SES is triggered to emit an electron and thus this electron can transport through the whole configuration. 
Model.
Given that the aforementioned configuration has almost zero electric field across it and electron's eigenenergies are close to the conduction bandedge minima, 3-D time-independent Schrödinger equation, in cylindrical coordinates, using the effective mass approximation is applied for each QD separately. For simplicity, an infinite confining potential in the radial direction is assumed. The eigenenergies and wavefunctions of QDs #1 and #5 are obtained systematically. As for QD #3, due to the relatively large band gap for the PMMA monolayer, it is assumed to be confined in infinite potential but with different radius than QDs #1 and #5. Whereas QDs #2 and #4 require an additional boundary condition due to the electron pocket i.e. the electron's energy has to be conserved irrespective of the interface with GaAs or In 0.4 Ga 0.6 As (see Fig. 1 ). The ground state of this configuration is defined as the state when there is no electron inside the QD heterostructure. The zero energy is set at the minimum of the conduction band of the central QD. For an electron coupled to a heat bath reservoir (phonons), the Hamiltonian is
The first term describes the on-site ground state for the five QDs. The electron's injection to the ground state is 15 times faster than the injection to the excited state. In such systems, where the energy separation is 44 meV, the relaxation takes 20 (40) ps at 300 (100) K [24] . Thus, based on the detailed balance condition,
, excitation through phonon assistance will take much longer time. Consequently, excited states can be neglected. The second term, which is based on the tight-binding model, describes the hopping of the electron between the QDs, where t ij is a 3-D hopping integral. In this model, we calculate all ten hopping integrals. Based on the electron-pocket configuration, t 24 is larger than t 23 and t 34 . This is however impossible to achieve in a similar configuration without electron pocket. The third term describes a non-dispersive LO phonon of GaAs. The fourth term describes the interaction between the electron and LO phonons with coupling strength λ. Based on experimental and theoretical works [25, 26] , the strength of the ELOPI (g = λ/ ω LO ) in QDs, based on their geometry and size, is in the range of 0.5-1.25. We take g = 1.0. However, the final results will not be affected by the value of g. Note that the QDs' ground states will be renormalized, based on the value of g, to E g = E g − λ 2 / ω LO . The validation of the Hamiltonian depends on the following criteria; in this configuration there must be no electrons in the CB. This is calculated in the standard way as follows Figure 4 : The electron's time-dependent probability distribution among the five QDs at room temperature.
Since the configuration has a large length-to-width ratio, D (E) is approximated by the density of states of a 1D NW. Doping (type and concentration) along with temperature are taken into account through the FermiDirac function f F D (E). We observe that irrespective of the electric state of the configuration (on/off), on average there are virtually no electrons in the whole configuration. Consequently, when the SES is triggered and a single electron is emitted, the aforementioned Hamiltonian is a valid description for this single electron. Nevertheless, this Hamiltonian does not describe the coupling between both the n-doped or p-doped regions (quasicontinuum) and QDs #1 and #5, respectively. This coupling is well described by the Fermi's golden rule for transition rates as follows
where i and f stand for initial and final states respectively. The factor of 2 refers to the spin degeneracy. The hopping integral in Eq. (3) is much smaller than t 12 and t 45 . This confirms that we have a weak coupling between the outer QDs and the leads. Thus a standard formalism appropriate for the description of such a system is the generalized master equation in the Born and Markov approximation [27] 
where
T2 is the total decoherence which includes the dephasing time T 2 due to electron-phonon (both acoustic and optical, and both elastic and inelastic) interaction and the rates W m,l of transition between the leads and the outer QDs. Eq. (4) is valid when the correlation time in the heat bath is much smaller than the relaxation time of the electron system. A rough estimate for the correlation time is k B T ∼ (1 − 3.5) × 10 −14 s for T = 100 K -300 K respectively, which is much smaller than the electron relaxation time, in such systems, ∼ 10 −12 s. The dephasing time T 2 , based on temperature, is determined through the homogeneous broadening 2 /T 2 [28, 29] . At room temperature, the dephasing times are of the order of 200-300 fs [28] [29] [30] . We choose T 2 = 285 fs at 300 K because there is no carrier-carrier interaction. At T = 100 K, the dephasing time is 2 ps [28] [29] [30] . It is worth to mention that we ignore the change in band gap due to the lattice constant mismatch between GaAs and InAs. However, this does not affect the final results. In addition, we disregard any electron-hole interaction until the electron is trapped. For calculating the ground state of QD #5 the doping is taken into account through the Schrödinger-Poisson equation. As a result, the ground state of QD #5 will be
where ∆ is the increase in the ground energy of QD #5 (few meV) due to doping. The change in wavefunction of QD #5 is negligibly small. Based on this model, there is a ground electron-phonon state with zero phonon |g, 0 in each QD.
Results and discussion.
In the numerical calculations using Eq. (4) the trace of the density matrix is equal to one for all times. This assures that the particle conservation principle is not broken. Moreover, it implies that the Hamiltonian is hermitian. In Fig. 3 , at t = 0, ρ gg = 1, hence there is no electron in the configuration. In addition, when there is no decoherence, the probability of the electron to get trapped in the central QD is 58%. On the other hand, when decoherence comes into action, the electron's trapping probability does increase to 67% -83% depending on the temperature (see Fig. 3  and 4) . The probability of the electron's trapping at different temperatures and their corresponding dephasing times are shown in Table I . Although as the dephasing rate increases the trap-ping probability decreases, it is larger than the "ZERO-DECOHERENCE" case. Many factors contributed to this counter-intuitive result. First, the p-doped region has to be connected through a battery to the n-doped (see Fig. 1 ). Otherwise, this will be a regular NW and the electron will keep hopping from the n-doped to the p-doped without any chance of getting trapped in any of the QDs. Second factor is the electron pocket, which is essential for the electron to get accumulated in the central QD. Another crucial factor is the fast electron injection from the n-doped region to QD #1 and from QD #5 to the p-doped region. The electron's transition rate (Eq. (3)) from the n-doped to the first QD's ground state W n→1g has to be almost 100 times larger than W 1g→n . W n→1g is 1.5 × 10 14 s −1 as well as W 5g→p . This fast injection is achieved through two factors: the density of states of the NW and the n-doping of the outer lead. The electron's transition rate W 5g→p has to be almost 100 times larger than W p→5g . Another contributing factor is the QDs' eigenenergies relative to each other, i.e. if any of the QD's energy level is modified, without adjusting the other QDs' eigenenergies, the trapping efficiency will decrease. Furthermore, the central QD's eigenenergy is the lowest among all QDs. Based on the geometry and the dimensions of the QDs, the energy difference between the central QD's eigenenergy and the neighbor QDs' eigenenergies is almost 110 meV. This means the trapped electron needs to absorb three LO phonons in addition to LA phonon to be able to escape. Even with a strong ELOPI, this process takes more than 1 ns. Thus, our scheme provides an efficient trapping mechanism.
Conclusion. We propose a realistic configuration to trap an electron at high temperature (100 K -300 K) using decoherence in an electron-pocket configuration. The trapping is achieved in less than 2 ps with a probability ρ 33 depending on the temperature. At T = 100 K, 200 K, 300 K the trapping probability is ρ 33 = 83%, ρ 33 = 74%, ρ 33 = 67%, respectively. Our model can be used to implement an efficient electrically driven single photon source operating at wavelengths λ = 1.3 − 1.5 µm and between 100 K and 300 K.
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